ABSTRACT OBJECTIVE: To examine waterpipe use and its association with demographic factors, tobacco cigarette smoking, ever use of electronic cigarettes (e-cigarettes) and alcohol use among high school students.
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There are increasing concerns, however, that other forms of tobacco consumption, such as waterpipe smoking, are increasing along with associated health risks. 2, 3 The health risks associated with waterpipe tobacco smoking are generally expected to be similar to those of tobacco cigarette smoking. 4, 5 Research indicates that the smoke from waterpipes contains large amounts of toxic ingredients, including carbon monoxide and polycyclic aromatic hydrocarbons (benzene), as well as tar and nicotine. 5, 6 Health risks associated with waterpipe smoking include cancer, 3,7-9 respiratory disease, 7-10 nicotine dependence, 7,9,10 periodontal disease 8 and low birth weight or other adverse fetal outcomes. [7] [8] [9] Research suggests that tobaccofree waterpipe products are also associated with health risks, such as damage to lung cells. 11 In addition, communicable diseases are a concern when a waterpipe mouthpiece is shared if smoking occurs in groups. 7, 9 Despite concerns about waterpipe smoking, there are limited data on the demographic characteristics associated with waterpipe use in younger populations. The introduction of highly flavoured tobacco mix, the advent of waterpipe stores and hookah bars, and the marketing of waterpipe smoking as a social event have contributed to the popularity of waterpipes. 12 US research suggests that approximately 28% of college students had smoked a waterpipe in the previous year, with lifetime use as high as 46%. 13 There is also evidence that males, users of tobacco cigarettes and individuals of Arab ethnicity have greater odds of waterpipe smoking. 14 There is less research on waterpipe use among younger students, but figures from a 2006 study indicate that 7% of middle and high school students in Canada had used a waterpipe to smoke tobacco in their lifetime and 3% had done so in the previous 30 days. 15 US research shows that 4% of middle and 11% of high school students had smoked tobacco from a waterpipe in their lifetime 16 and 18%
to 21% of high school seniors had engaged in waterpipe tobacco smoking in the previous year. 17, 18 Prevalence of use among adolescents is particularly important to consider, because the increase in the popularity of waterpipe use among their slightly older peers 13 heightens the risk that adolescents will adopt the behaviour, thus increasing concerns about associated health risks including the impact of nicotine on brain development in adolescents. 19 There is also little research on the association between waterpipe smoking and the use of other common substances, with the exception of tobacco cigarettes. Given that substance use tends to cluster within individuals 20 and that waterpipe smoking often occurs in social groups and settings, 21 it is important to examine the association of this type of smoking with alcohol and electronic cigarette (e-cigarette) use, the latter of which is also increasing in popularity. 22 This study examines the prevalence of waterpipe smoking among Ontario high school students as well as the demographic and substance use correlates.
METHOD Data
Data for this study were derived from the 2013 Ontario Student Drug Use and Health Survey (OSDUHS), a province-wide survey of students in grades 7 through 12 attending publicly funded schools in Ontario. Conducted every two years since 1977, this repeated cross-sectional survey monitors substance use, mental and physical health, gambling and delinquent behaviour. The 2013 survey, based on a stratified two-stage (school, class) cluster design, consisted of 10,272 students, 198 schools and 671 classrooms. Overall, 61% of selected schools and 87% of selected classes participated in the survey. Sixty-three percent of students in participating classes completed an in-class questionnaire, 1 which is considered above average for a student survey requiring active parental consent. 23 Absenteeism (11%) and parental refusal or unreturned consent forms (26%) were the main reasons for non-completion. Comparisons of drug use prevalence between classes with lower versus higher response rates indicated no appreciable difference in drug use between groups. Within each classroom, two versions of the questionnaire, with about one-half of the content common to both, were randomly distributed to students. The question on waterpipe use was included in one version of the questionnaire and thus was only asked of a random half-sample of students. The analyses presented here were restricted to 2,873 high school students in grades 9 through 12 who were 19 years of age or younger. Additional information on the study design and methods is provided elsewhere. 1 The 2013 OSDUHS was approved by the Research Ethics Boards of the Centre for Addiction and Mental Health as well as York University.
Measures
Waterpipe use was determined from the question: "In the LAST 12 MONTHS, how often did you smoke a WATERPIPE (also known as a hookah, shisha, hubble-bubble, gouza)?" Response choices ranged from "Only a few puffs once just to see what it's like" to "40 or more times". Additional response choices were "Used, but not in the last 12 months", "Never used in lifetime" and "Don't know what a waterpipe is". A dichotomous measure was constructed to reflect waterpipe smoking one or more times in the preceding 12 months (excludes a few puffs) versus no waterpipe smoking (includes those who had had only a few puffs of a waterpipe and those who had never heard of a waterpipe). Additional substances were also considered in the analyses. The smoking of tobacco cigarettes was constructed as a dichotomous measure reflecting not smoked versus smoked in the previous 12 months (excludes a few puffs). Ever use of e-cigarettes was a dichotomous measure reflecting use or non-use and was derived from the following question: "Electronic cigarettes, or e-cigarettes, are electronic devices made in the shape of cigarettes that create an inhaled mist without odour. Have you ever smoked at least one puff from an ELECTRONIC CIGARETTE?" Alcohol use in the previous 12 months was constructed as a 3-category measure -non-use, special occasion use and regular use. Students who had never drunk alcohol, had not drunk in the previous 12 months or had only had a sip of alcohol were classified as non-drinkers. Drinking on special occasions only was classified as occasional drinking. Drinking outside of special occasions was classified as regular drinking.
Sex (male/female), grade (9) (10) (11) (12) , and ethnic and racial background were included as additional covariates in analyses. Ethnic and racial background was constructed from a question asking students to choose one or more of 11 categories that best described their background. 24 For descriptive purposes, students who selected a single response were grouped into five larger categories: White/Caucasian, Black/African, East Asian, South Asian and Other. Multiple responses across the five categories (7.8% of the sample) were coded as "Other". In multivariate analyses, categories were further reduced to two (White/ Caucasian versus non-White) because the limited sample precluded more specific racial or ethnic categories.
Statistical analysis
Design-based survey estimation within Stata 13 25 was used in all analyses to adjust for the stratified and clustered complex survey design. Analyses included sampling weights to adjust for unequal probability of selection. 1 The associations between waterpipe smoking and other substance use, as well as demographic covariates, were examined using multivariate logistic regression. Missing data within the logistic regression represented 2.4% (70 cases) of the sample and were handled through listwise deletion.
RESULTS
The sample of high school students had a mean age of 16 years, 52.1% were male, and 60.4% were of White or Caucasian background. An estimated 12.5% (95% confidence interval [CI]: 10.6%-14.7%) of students reported using a waterpipe in the previous year (excludes a few puffs), compared with 11% (95% CI: 8.8%-13.7%) who reported smoking a tobacco cigarette in the previous year. An additional 68.4% of high school students were aware of waterpipes but had not used one in the previous year, and 19 .1% had never heard of waterpipes. The frequency of waterpipe use varied considerably, with 4.5% of Ontario students using 1-2 times and 3.3% using 20 times or more in the previous year (Table 1 ). Analyses that examined other substance use among students who reported past-year use of a waterpipe showed that a majority of waterpipe users had not used a tobacco cigarette in the previous year (59.9%, 95% CI: 50.4%-68.8%) and a majority had never used an e-cigarette (58.8%, 95% CI: 51.5%-65.8%). In contrast, only 28.1% (95% CI: 21.8%-35.2%) of past-year waterpipe users had not used alcohol regularly in the previous year.
Results from the multivariate logistic regression analyses, with waterpipe use as a binary measure of use versus nonuse, are outlined in Table 3 . Demographic characteristics and tobacco cigarette use were included as covariates in Model 1; ever use of e-cigarette was added in Model 2; and alcohol use was added in Model 3. Whereas the results for most variables remained substantively consistent across the three models, there were some differences for sex and racial background. Findings for sex However, sex differences were no longer significant after adjusting for e-cigarette and alcohol use in subsequent models. The binary measure of racial background was significantly associated with waterpipe use, but only after adjusting for alcohol use. This association is evident in Model 3, in which the odds of waterpipe use were greater among non-White/nonCaucasian students (OR = 1.89, CI = 1.18-3.01). Thus, lower alcohol use among non-White/non-Caucasian students suppressed the association between racial background and waterpipe use in earlier models that failed to show significant differences.
Substantively, the findings for school grade, tobacco cigarette use and ever use of e-cigarettes were similar across the models in Table 3 . The findings for school grade indicated a significant association with waterpipe use in each of the three models. This association was highlighted by findings that students in Grades 11 and 12 had more than twice the odds of waterpipe use (OR = 2.29, CI = 1.31-3.97 and OR = 2.47, CI = 1.48-4.14 respectively) than Grade 9 students (see Model 3).
Findings for cigarettes indicated that students who used tobacco cigarettes had greater odds of waterpipe use, although the OR estimate was much reduced after controlling for other substance use, specifically e-cigarettes and alcohol (Model 3; OR = 4.10, CI = 2.36-7.12). With regard to e-cigarettes, students who had ever used e-cigarettes had greater odds of waterpipe use. This association between e-cigarettes and waterpipe use remained even after controlling for regular alcohol use (Model 3; OR = 3.48, CI = 2.40-5.06).
The association between regular alcohol use and waterpipe use is highlighted in Model 3. Students who drank alcohol regularly had greater odds of waterpipe use than those who never drank (OR = 3.58, CI = 2.22-5.77). However, there was no significant difference in waterpipe use between those who drank occasionally and those who never drank.
DISCUSSION
The current study found that the prevalence of waterpipe use was similar to that of tobacco cigarette use among high school students. Overall, 12.5% of high school students (1 in 8) had used a waterpipe in the previous year, and 14.4% (1 in 7) had used a waterpipe in their lifetime. The minor difference in prevalence between past-year and lifetime use highlights the popularity of waterpipes, in that most students who had used the device continued to do so; alternatively, the difference suggests a recent diffusion of waterpipe use among these students. These figures are generally higher than in some reports of lifetime 16, 26 and current waterpipe tobacco smoking 26 among high school students, although the latter studies tend to focus on 30-day rather than past-year use. Previous research, however, has also indicated a higher prevalence of waterpipe tobacco use among high school students than that reported for waterpipe use generally in the current study. 27 It is noteworthy that 1 in 5 students had never heard of a waterpipe (or hookah), which is slightly higher than the 17% reported in a recent US study. 27 This suggests a potential for waterpipe use to increase once awareness and popularity expand in this age group. The social aspect of waterpipe use, the increasing number of hookah cafes and the introduction of highly flavored tobacco mixes have increased the appeal of these devices. 28, 29 Thus, there is a need to increase awareness of the potential risks associated with waterpipe use. Past-year prevalence of waterpipe use among high school students was lower than estimates reported for college students in the US. 10, 13, 14 However, the odds of waterpipe use were found to be greater in older grades, with the prevalence of 19% among grade 12 students similar to that found among college students. Thus, as with college students, a sizeable proportion of older high school students have embraced the use of waterpipes. Our findings indicate that, after adjusting for demographic and behavioural factors, waterpipe use did not vary between males and females, but there was some variation by racial background. Research on college students has often reported sex differences, 30 but other studies involving college 10 and high school students have reported no sex differences. 31 The findings that students of non-White or non-Caucasian background had greater odds of waterpipe use are somewhat consistent with those of other research showing broad racial or ethnic differences in waterpipe use, 10, 14, 30, 32 Recent prospective research findings that pre-college waterpipe use is associated with later tobacco cigarette use suggest that waterpipe use may be a gateway to tobacco cigarette smoking. 33 The association between ever use of e-cigarettes and waterpipe use is not surprising given that both e-cigarettes and waterpipes are alternative smoking devices that have grown in popularity through targeted marketing and social media. 12, 22 As with tobacco cigarettes, a large percentage (59%) of waterpipe users had never used an e-cigarette. Although differing perceptions may be a factor, the social context of waterpipe use may also differ from that of e-cigarette use. Greater odds of waterpipe use among students who drink alcohol are consistent with findings from other research. 20, 33 Almost 3 of 4 students who used a waterpipe also drank alcohol regularly. While this study cannot address whether waterpipe and alcohol use occurred at the same time, it is consistent with other research that has highlighted a clustering of substance use and other problem behaviours within individuals. 20 There are several limitations to this study. First, it is based on cross-sectional data, and thus the temporal order of associations between waterpipe use and the use of tobacco cigarettes, e-cigarettes and alcohol cannot be determined. Longitudinal research on these associations would contribute to understanding the temporal order and potential causal pathways. Second, the survey question focused on waterpipe use broadly and did not identify what substance was being smoked in the waterpipe. Thus, it is possible that a substance other than tobacco (e.g., cannabis, herbal waterpipe preparations that do not contain tobacco) was used within the device. Research has indicated, however, that health risks are associated with both tobacco and tobacco-free waterpipe smoke. 11 Research is needed to examine the use of waterpipes with different substances. Third, analyses involving race or ethnicity were limited by sample size. More detailed examinations of racial or ethnic differences would aid in a greater understanding of how predictors of substance use may vary among groups and perhaps how they diffuse across groups.
CONCLUSION
Despite public health concerns about the associated risks, waterpipe use has become popular among high school students. This study indicated that the percentage of students who used a waterpipe was similar to the percentage using tobacco cigarettes. The increasing proportion of students using waterpipes 12, 18 indicates a need to address the safety of individual use as well as the risk to others. Increasing use may expose a greater proportion of the population to secondary harms, particularly when tobacco is being smoked within a waterpipe. 5 Direct harm from waterpipe use and concerns that such use may elicit other health risk behaviours, including the use of other substances, 33 are particularly important for high school students. The cooccurrence of substance use behaviours places students at risk of continued use over a longer period of time. As debates about safety concerns and regulation needs continue, more research evidence is necessary to guide policy and public health action.
RÉSUMÉ
OBJECTIF : Examiner l'usage des pipes à eau et ses associations avec les facteurs démographiques, l'usage de la cigarette de tabac, l'usage passé ou présent de la cigarette électronique et la consommation d'alcool chez des élèves du secondaire.
MÉTHODE : Nos données provenaient du Sondage sur la consommation de drogues et la santé des élèves de l'Ontario (2013), une enquête menée en milieu scolaire auprès des élèves de la 7 e à la 12 e année. Ce sondage à l'échelle de la province était planifié selon un échantillonnage en grappe en deux étapes stratifié. Nos analyses étaient fondées sur un sous-échantillon de 2 873 élèves du secondaire et comportaient des ajustements pour tenir compte de la complexité du plan d'échantillonnage.
RÉSULTATS : Globalement, 12,5 % des élèves du secondaire (9 e à 12 e année) avaient utilisé une pipe à eau l'année précédente. La connaissance des pipes à eau était élevée : 68,4 % des élèves ont dit en connaître l'existence, mais ne pas s'en être servis au cours de l'année précédente; 19,1 % n'avaient jamais entendu parler des pipes à eau ou des narguilés. Le pourcentage d'élèves du secondaire ayant déclaré avoir fait usage de pipes à eau au cours de l'année précédente était semblable à celui des élèves ayant déclaré avoir fait usage de cigarettes de tabac (12,5 % et 11 % respectivement). L'usage des pipes à eau était fortement associé à l'usage de cigarettes de tabac au cours de la dernière année et à la consommation périodique d'alcool, ainsi qu'à l'usage présent ou passé de cigarettes électroniques. Dans les analyses multivariées, les garçons et les filles présentaient des probabilités semblables d'avoir fait usage de pipes à eau, et les élèves non blancs et ceux qui étaient plus avancés dans leur parcours scolaire étaient plus susceptibles d'en avoir utilisé, après prise en compte de la consommation d'autres substances.
CONCLUSION : Ces constatations montrent que l'usage des pipes à eau chez les élèves du secondaire pourrait être un motif de préoccupation, et qu'il faudrait prendre des mesures pour aborder les risques potentiels associés à cet usage.
